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Field of the Invention 

The present invention relates to a device for damping water hammer in hydraulic 
accumulators, piston-type accumulators in particular. A component of the accumulator acts as a 
throttle on the flow of fluid established between parts of the interior of the accumulator and a 
hydraulic network to which the accumulator may be connected. The throttle is formed by at least 
one transfer area of a specifiable cross-section in a valve component. When in one of its valve 
positions, the valve interrupts the flow of fluid up to the respective transfer area. In its other 
valve position, the valve essentially releases the flow of fluid. 

Background of the Invention 

Hydraulic accumulators are readily available commercially in a plurality of 
embodiments. The essential applications of such hydraulic accumulators are in energy storage, 
emergency operation, oil leakage compensation, and in energy accumulation and pulsation 
damping. The most frequently encountered structural forms of hydraulic accumulators are ones 
with a separating member. A distinction is made between bladder accumulators, diaphragm 
accumulators, and piston accumulators, as a function of the separating member employed. The 
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mode of operation of all these accumulators is based on utilization of the compressibility of a gas 
for accumulation of a fluid, nitrogen often serving as energy carrier. Hydropneumatic 
accumulators include a fluid component and a gas component, and have a gas-tight separating 
element. The fluid component is connected to the hydraulic network, so that the gas on the gas 
side in the accumulator is compressed as the pressure increases. Analogously, the compressed 
gas in the accumulator can expand in the event of a pressure drop on the network side and the 
accumulated hydraulic fluid is forced back into the network as a result. 

The conventional structure of a piston-type accumulator is characterized by an outer 
cylindrical tube as accumulator housing into which a piston with its compression system is 
introduced so as to be longitudinally displaceable. Sealing covers on the front sides of the 
accumulator housing delimit two operating spaces in the accumulator, one of which receives the 
gas and the other of which is connected to the hydraulic network to conduct fluid. 

Damping devices (e.g., diaphragm accumulators SB 0210-0,32E2 manufactured by 
Hydac) reduce water hammer inside a hydraulic accumulator. At the fluid inlet side of the 
accumulator, these damping devices have a valve component which may be displaced in the 
longitudinal direction of the accumulator. The devices are an integral component of the 
accumulator. The valve component is guided in a valve housing, and is provided with a fluid 
transfer area. If a water hammer comes from the direction of the hydraulic network, this water 
hammer reaches the fluid connection area of the hydraulic accumulator. The water hammer in 
the hydraulic network closes the valve component against the internal fluid pressure of the 
accumulator. The valve component comes into closing contact with the valve housing. 
However, as before, but now in throttled form, fluid from the hydraulic network reaches the 
interior of the accumulator, that is, the fluid side, via a central passage bore as transfer area 
situated in the valve component. 
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The water hammer is reduced as a result of the respective throttling of the flow of fluid 
with the valve component closed by the transfer area in the form of the longitudinal bore. As 
before, fluid in a smaller amount now continues to flow into the interior of the accumulator. In 
the opposite situation, that is, when the fluid pressure decreases on the hydraulic network side, 
the accumulator pressure effects opening of the valve component and fluid flows from the 
interior of the accumulator housing through cleared larger opening cross-sections in the valve 
component. An additional portion of the flow of fluid is conducted over the transfer area in the 
form of a throttle. As a result of configuration of the throttle position in the disclosed solution in 
the form of a bore of short channel length, turbulences and accordingly cavity phenomena occur 
on the material components of the valve components and/or accumulator housing adjoining the 
transfer area. However, in addition to the harmful cavity action, the turbulences also cause 
disruption of the flow of fluid into and out of the accumulator. This situation may have an 
adverse effect on the energy balance as a whole of accumulators, as well as of the hydraulic 
network. In addition, opening and closing of the valve component is associated with a relevant 
generation of noise, something which may exert a very disruptive effect on operation of such 
hydraulic assemblies. 

DE 102 14 871 A 1 discloses a device for damping water hammer, in particular a device 
in the form of a pressure medium accumulator having a housing. The housing interior is 
subdivided into two chambers by a medium separation element. The first chamber is filled with 
a gas. The second chamber is filled with a fluid. In a hydraulic connection, a bottom valve 
permits filling of the second chamber with fluid and prevents complete emptying of the second 
chamber. The sealing element of the second chamber may be operated by the medium separation 
element. In addition, means are provided for throttling the pressure medium volume introduced 
during the process of filling the second chamber, which means release the full pressure medium 
volume flow only after the bottom valve has been fully opened. 
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Summary of the Invention 

An object of the present invention is to provide an improved damping device avoiding 
emission noise to the greatest possible extent in operation, improving the overall energy balance 
of the respective reservoir solutions, and not resulting in material-damaging cavity phenomena. 

This object is basically attained by the respective transfer area being provided with a 
funnel-shaped enlargement on at least one of its free ends. The enlargement is oriented in the 
direction of the interior of the accumulator or the hydraulic network. Because of the funnel 
effect, there is a distinct reduction of noise emission during operation, especially in damping the 
individual water hammer in the hydraulic network. Not only does the funnel-shaped 
enlargement result in noise reduction, but in addition the water hammer introduced into the 
transfer area is controlled by fluid mechanics so that turbulences and accordingly cavity 
phenomena on the valve component are prevented. The funnel-shaped enlargement for the 
respective transfer area on the whole improves the laminar flow behavior of the fluid into or out 
of the accumulator. This arrangement exerts an effect on the operation of a hydraulic assembly 
which is favorable with respect to the overall energy balance. 

In one preferred embodiment of the damping device of the present invention, the 
respective transfer area is in the form of central channel in the valve component. A funnel- 
shaped enlargement is present at both ends of the central channel. In addition, preferably only 
one transfer area is present in the valve component along its longitudinal axis. The central 
channel may be configured to be suitably large on the basis of its overall length. This 
configuration has a favorable effect on the overall flow behavior inside the transfer area in the 
two funnel-shaped enlargements mounted on the ends. 

In another preferred embodiment of the damping device of the present invention, the 
valve component is configured as a valve piston having web-shaped extensions on one of its 
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ends. The web extensions permit reliable guidance of the valve component in its valve housing 
or along parts of the accumulator in the area of the fluid connection area. By preferably, the web 
extensions are guided on the external circumference side by cylindrical guide surfaces along the 
valve component housing by which the valve component may be fastened to one end of the 
accumulator housing. 

The damping device of the present invention is formed essentially of a valve component 
guided in a valve housing together with the transfer area having funnel-shaped enlargements 
mounted on its ends. A variable-throttle system permits closing the valve component when fluid 
enters the accumulator in one direction as a function of the water hammer and to initiate 
throttling of the water hammer by the transfer area. The path for the fluid is essentially opened 
in the opposite direction through opening of the valve component to unimpeded flow of fluid 
from the interior of the accumulator into the hydraulic network. Reversing the installation 
sequence, in particular in that the valve component is mounted so as to be rotated through 180° 
in its valve housing, with the then throttling of flow out of the accumulator in the direction of the 
hydraulic network is effected by closing the valve component and by the transfer area. When 
fluid flows in the opposite direction into the accumulator from the hydraulic network, the flow 
moves essentially unimpeded along the web extensions, the free fluid cross-section of the 
throttle-like transfer area also being taken into consideration. 

Other objects, advantages and salient features of the present invention will become 
apparent from the following detailed description, which, taken in conjunction with the annexed 
drawings, discloses a preferred embodiment of the present invention. 

Brief Description of the Drawings 

FIG. 1 is a side elevational view in section of damping device built into the fluid 
connection area of a hydraulic accumulator, in particular one in the form of a piston-type 
accumulator according to an embodiment of the present invention; and 
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FIG. 2 is an exploded perspective view of the essential components of the damping 
device of FIG. 1, comprising a valve housing and the valve component. 

Detailed Description of the Invention 

The device, according to an embodiment of the present invention, illustrated in the 
drawings, serves to dampen water hammer in hydraulic accumulators, in particular hydraulic 
accumulators of conventional design. Only a part of an accumulator housing wall 10 of a piston- 
type accumulator which may also form the cover component of a conventional accumulator 
housing is shown in FIG. 1 . The structure of piston-type accumulators is generally known in the 
state of the art or is conventional. It is described in detail, for example, in AHydrauliktrainer,® 
Volume 3, published by Mannesmann-Rexroth AG. A part 10 of the accumulator housing is 
illustrated in FIG. 1. This pertinent section relates to the fluid inlet area 12 of the accumulator. 
By a connection area 14, the fluid inlet area 12 of the accumulator housing 10 may be connected 
to a hydraulic network not specified in detail or shown having additional hydraulic units such as 
ones in the form of operating cylinders, hydropumps, or the like. The relevant structure and 
connection of accumulators to hydraulic networks is sufficiently well known in the prior art, and 
accordingly will not be discussed in detail at this point. Between fluid inlet area 12 and 
connection area 14, the volume of the chamber of the accumulator is increased for mounting a 
valve component designated as a whole as 16. This valve component 16 may be displaced 
longitudinally over a specifiable distance in a cylindrical valve housing 18. Housing 18, as 
viewed in FIG. 2, is provided on its upper end with threading 20 for insertion of the valve 
housing 18 by screw connection along the interior wall of the accumulator housing 10. FIG. 1 
also relates to a longitudinal section through the valve component 16 with valve housing 18, 
which is illustrated in an exploded view in FIG. 2. 

The valve component 16 may accordingly be used to act on the flow of fluid between 
components of the interior of the accumulator and the hydraulic network, that is, between the 
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fluid inlet area 12 and the connection area 14 to the network. For the purpose of this action, the 
valve component 16 has along its longitudinal axis 22, which is equal in extent to that of the 
longitudinal axis of the accumulator housing 10, a single transfer area 24 in the form of a central 
channel. This central channel has on both of its ends a funnel-shaped enlargement 26, 28. The 
upper funnel-shaped enlargement 26 as viewed in FIG. 1 is enlarged in the direction of the fluid 
inlet area 12 to communicate with the latter. The other funnel-shaped enlargement 28 on the 
opposite lower end widens in the form of a funnel in the direction of the connection area 14 to 
the hydraulic network (not shown). In addition, the overall length of the two enlargements 26, 
28 as measured in the direction of the longitudinal axis 22, is somewhat smaller than the overall 
length of the cylindrical central channel extending between the two enlargements 26, 28 and 
forming the transfer area 24. In addition, the largest diameter selected for the respective 
enlargement 26, 28 is smaller than the diameter of the adjacent associated fluid inlet area 12 and 
connection area 14. Use of the enlargements 26, 28 avoids formation of transitional areas of 
material with sharp edges, something which, among other things, has an effect favoring low 
noise emission behavior. 

As seen in FIG. 2, the valve component 16 is configured as a valve piston provided on its 
lower end with three web-like extensions 30. As viewed in the circumferential direction of the 
valve component 16, all three web-like extensions 30 are spaced at constant or equal intervals 
from each other. As seen in the illustration of the longitudinal section, only the extension web 
30 on the far right in FIG. 1 as viewed in FIG. 2 is illustrated, along with a front view of the 
following extension web 30. The respective area viewed is designated as 32 in the figures. The 
web-like extensions 30 are provided on the outer circumference sides with partial cylindrical 
guide surfaces 34. Surfaces 34 permit sliding of the valve piston along the inner circumference 
36 of the cylindrical valve housing 18. The valve component 16 is provided on both of its ends 
opposite each other with level sealing surfaces 38, 40. The upper sealing surface 38, as viewed 
in FIG. 1, may be brought into contact with a level contact surface 42 of the valve housing 18. 
In addition, the partial structural length of the valve component 16 together with the transfer area 
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24 makes up more than one half the overall structural length of valve component 16, together 
with the extension webs 30. 

As seen in FIG. 2, the valve component 16 is outfitted on the outer circumference side 
with a level surface, in the area of the transfer area and extending between the extension webs 
30. Level surfaces 44, together with the cylindrical inner circumferential surface 36 of the valve 
housing 18, delimit three fluid outlets 46 (see FIG. 1). The web-like extensions 30 also end in a 
common horizontal plane which extends in parallel with the sealing surfaces 38 and 40 of the 
valve component 16. The valve component 16 may move inside its valve housing 1 8, as a 
function of the pressure and flow relationships, downward along its longitudinal axis 22 from its 
closed position illustrated in FIG. 1 into an opened position in which the free ends of the 
extension webs 30 come into contact with the lower sealing wall 48 of the accumulator housing 
10, which delimits the connection area 14 on the edge side in this region. The respective axial 
path of displacement is, as is illustrated in FIG. 1, somewhat shorter than the height of one of the 
funnel-shaped enlargements 26, 28. 

In the operating position shown in FIG. 1 , a water hammer has occurred in the connection 
area 14 over the hydraulic network and has moved the valve component 16 into its closing 
position shown in FIG. 1 . In this position, the sealing surface 38 is in contact with the contact 
surface 42 of the valve housing 1 8. Transfer of fluid from the connection area 14 to the fluid 
inlet area 12 and so into the interior of the accumulator housing 10 thus is effected exclusively 
via the throttle-like transfer area 24 with its two funnel-shaped enlargements 26, 28. The 
respective throttle area reduces the water hammer, so that it can have no damaging effect in the 
interior of the accumulator housing 10. The continuously extending enlargements 26, 28 guide 
the flow of fluid over the central channel as transfer area 24 so that harmful cavity effects are 
prevented in the edge areas of the valve component 16 or of the fluid inlet area 12. In addition, 
the long guide path of the central channel permits achievement of a laminar value of the flow of 
fluid, so that losses of flow are prevented. The laminar flow has a favorable effect on the overall 
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energy balance of the hydraulic system (not shown). The funnel-shaped enlargements 26, 28 
have the additional effect that the pressure of the highly laminar flow in the central channel is 
relaxed. This relaxation has a favorable effect on noise emission. The average expert in the field 
of hydraulic systems and hydraulic accumulators is surprised to learn that by employing the 
enlargements 26, 28, a noise reduction is achieved such that persisting residual noises are barely 
perceptible by the personnel operating the hydraulic assembly. 

If the hydraulic water hammer and accordingly the hydraulic pressure on the connection 
area 14 drop when the valve component 16 is in the customary installed position, it is forced 
downward as viewed in FIG. 1 by the force of gravity and the interior pressure remaining in the 
hydraulic accumulator. The free ends of the web-like extensions then come into contact with the 
lower sealing wall 48. Consequently, the path is cleared for passage of fluid from the fluid inlet 
area 12 to the fluid outlet 46. Fluid may then move from the interior of the accumulator and then 
over the spaces between the web-like extensions 30 in the direction of the connection area 14 and 
from this area back into the hydraulic network. Division of the flows of fluid among the three 
fluid outlets 46 is then effected. That flow is limited by the outer circumference of the valve 
component 16 and its central recess in the form of the transfer area 24. Consequently, the free 
opening cross-section corresponds in effect to the fluid cross-section without valve component 
16, so that the process of transfer of hydraulic energy from the interior of the accumulator 
housing to the hydraulic network is essentially free of loss. 

The unit is configured as a variable-throttle design. The valve component 16 can be 
introduced into the valve housing 1 8 transversely to the longitudinal axis 22 after rotation 
through 180°. The web-like extensions 30, as viewed in FIG. 1, extend in the direction of the 
accumulator and in the direction of the fluid inlet area 12. The sealing surface 38 of the valve 
component 16 points in the direction of the connection area 14. In this situation, provision may 
then be made in the case of specific accumulator design solutions such that a water hammer 
coming from the hydraulic network may reach the connection area 14 over the three fluid outlets 
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46 and reach the interior of the accumulator unimpeded. A part of the flow in turn reaches via 
the transfer area 24. The process of discharge of fluid from the accumulator is damped in that 
the valve component 16 with its sealing surface 38 seals off the connection area to the hydraulic 
network 14. Fluid is transferred exclusively by the throttling transfer area 24 with its funnel- 
shaped enlargements 26, 28. Thus, in essence, with the installed position of the accumulator 
designed as variable throttle reversed, water hammer coming from the accumulator, the piston- 
type accumulator in particular, can be reduced. The damping device of the present invention 
thus creates an overall system which may be adapted to different applications and specified 
values without extensive conversion measures. 

While one embodiment has been chosen to illustrate the invention, it will be understood 
by those skilled in the art that various changes and modification can be made therein without 
departing form the scope of the invention as defined in the appended claims. 



What is claimed is: 



